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(54) MAGNETIC RECORDING MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic 
recording medium which considerably reduces transition 
noise in a multilayer magnetic recording film,' has 
excellent S-N ratio and is suitable for short-wavelength 
recording. 

SOLUTION: The magnetic recording medium has a 
perpendicular magnetic recording film 5 comprising an 
artificial lattice film formed by alternately stacking Pt or 
Pd layers and Co layers and containing B and O. 
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[#£flf*<Dg5B] 

[if**l] PtI^L<liPdft > CoStiSS 

x?iz> mmM% < nmm*m * 5 r t t -r 5 at^cis 

[lf**2] -blEBI±. lJiST-%£Jl±l 5J0S-¥-%KT 
coffiffl-C-^^ix. B.o_hiEOI3\ 0. 1 JjH^/ofiJLh 1 

9 1 iatt^>««nafttt#. 

[if** 3] ±IE«*8E«Hr»L-C, ffi^S*«jfi 

t 1 1"5 if ** 1 IBfWJflW&tMkttMfc, 
[if** 4] ±CiB'C>SWM»J6*r*i-S4Jltt, P 
d, Pt, Au, Ag, Rh, ^ L < f4 I rt^SCi 

t -rs if ** 3 ^m<Dm^m.^o 

[if** 5] -kfETifcH f4, BMomtirt 

&«ri* t if ** 3 isitomuemKi*; 

[if**6] ±1BBI4, 1®T-%J^±3 0JlT%fiLT 

<D«6H-eg?#$*i, a.o±iao[4, o. isf%w±3 

* 5 |B«tOttftlEMK(h 

[if** 7] ±iE»«;iaflkjf^stL-c, m-bttmm 
z^-fz&mt. mem. mm, ^\.<\*.m&»<r>w 

-fSif ** 1 E*to»*CR«kfiMfc, 

[If #318] ±!Effii>&#«ai&#-*-S&JRH:, P 
d, Pt, Au. Ag, Rh, ^L<f4I rT?fc?.rt 
t i"5 if ** 7 IBttoaMMBMtttt. 

[if** 9] ±B*fl2*H:, SiO z> A 1 2 O s , M 
gO, T i 0 2 , L i 2 C\ CaO, Z.nO, Z r C\ Y 

2 o 3 , Hf o^fc5ii£#®£1-5if**7g»}«£ 

[»*S10] ±!E»l2*tt, Si 3 N 4 , AIN. B 
N, TiN, ZrN, G a NffcS C 1 1"5if # 

[if**l 1 ] ±mmtmi. S i C, TiC, Z r 

c, Ta ct-fcs: i£#mi:1-5ff**7ii«<oB£«i 

[If #111 2] ±!ETffiS^iETiCi|fcSgt£Jf £1«;L5 
CtMtn if** 8 IBftottftftfttttt. 

[if** 1 3 ] ±felfc8£ttJf 14, NiFe, C o Z 
r, FeN, «L<I4N i F e T a A> 5>* 5 £ k Sr<Kr« 

ti-5if**i 2iE*«?as«iEftaflc. 

[3§BJ<DPffl4t&!3] 
[0 0 0 1] 

Bftf-y, 7Qyf- (S^|8)&) 9^**, 3t««t 
[0 0 0 2] 



[0003] rco. )B«[fsfttt#ic^i-5gsAai«[iaa 

fc5„ SKKftKAffitt«efttttt0^tmJ: 
LT, CoC r-£&#j£<W3S£*vri^.5o 
[0 004] U*> Lfcri* h . Sit8$^lE®:fflK^fE&8SE 
LtWCoCr ^i©itIHSM 
14, «S»BMfcJ;9/h£v^t«>. MA»lt:*lfc4b* 

(4, *»«E»tt#TRte«fl:1JWW«36£U 

[0 0 0 5] r rolHH«r#ft1-5;fc:«>fc:tt:. SK&SHE 

#**m*rJBv\h.tfA<, ^<t?4 ?4B£t£jf i LTI4, 
C o i P tXttP d 4r*XS»=«JiUfeWJl»tt*!6**> 

So 

[0 00 6] 

* <E>Kffi«*£ /^XiS#v^ -<?ffi««lB«fc: (4^F IrI # T- 

[0 0 0 7] LfciSot, *«PJ(4, 
Cot, P t XI4P d LfciiWifl&ftfEft 

5c 

[0 0 0 8] 

fftt, P tJf^L<f4PdJf<!:, Co* i^SiC^S 

[0009] #*9ifc«3mftE»a#ttu wsa^ie 

Slttt, Pti«U<llPdIi:CoIi:^SI: 

»3*3tt 5»^/ X^A*Slw®^1-5o 
[0010] 

[oon]0i L,x*?zwcDmM<nmm<v-m 

*ttW1-5. Blll^LfcSS««E«4tt*H±, *«2 
IS^S 5 t . Sr®®«lfE«g 5 ±fc«JSfc$*lfc«ttJl 6 
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[0012] 29g 2 tt, ttftiaftftflcttttSK: J: 0 Aft 

[0013] 3 tt, ££ 2 iTifeS 4 

«rifti6«^AI^tttt&Vi«. &*JI 3 sss 

ffi3i:LTIi, WiliT i fcJB^SZ. i: 
aS-Ct. -5r(DJ?:§{i, #J;itt* 1 nmf*5 0 
[00 14] THfiJf4tt, Bff<CfScW*St«r*i-«4*tr 

JMfc&Jfctt. Pd, Pt, Au, Ag, Rh, l r*m 
if *yt. ztib<o#ftlt. Stffc 

Onmi £ixS 0 

[0015] mm&%sz&m 5 tt, p t as tcoi^ 

58«CfEfiWS 5 tt, rrm M^tf#** 5 > 0. 6nm 
<£>C oit, {BJx.lfJ?Si6 J 0. enmWPtiHi, 

ti-zti2 o«-roxsic«jB$ft-cfc5. sfc, pti 
[0016] am 6 «, wia«iaflui 5 ±\mmm 

SrfflV^rt^Tt, tt, MxtflOnrnt* 

So 

[0017] rrofcftKfltfttti tt. fRJBttft 

RflUI 5 ^<DM f (w B SEJfcRt/OTEStSr^Wi- 5 r. i 

lErbT, B7c*St/OTc*tt, 
IE«yi5 0«*S*-C*>iCoJi4:»VP tl«*l: 

[0018] r o««iB«at#: i tt, wamMsmm 5 

-C*>5 P tttWVC o«^roil£ft9fc«jfcaattjSS|fo± 
-TSo LT, ^<D^ B B B^<D^f B ^^fflAz:tt, MS0E 

«*ue««# 1 tt , mmwasmm 5 k 33 tt s s» / 

[0019] C r T\ «J|«ftlSftJ| 5 «p fc*J(* 5 B Tt 

EJUi, 1 5H^%i^Ti:-r5r fcas#SLV*. 
[0 0 2 0] aJiaftaEftJiSf JC»tt2»B5E 

JcfiI±$*5Ctis-e#*v\ LT, 
^iES^5»C33tt5S»/^XS:^$-lt, S/NJfc 
£ (6] ± $ -£ 5 » * * + # t c # 5 d t # T- # * V ^ ^ fe f *> 



[0 0 2 1] -tUT, ±JfiLfc***li. fMBAfttft 

«ftia«a# i r-tt, 9JiaiftfBftji 5 o# p t 

£ t Id £ 9 , ±Jfi LfcSb* rH5ff5^ 

[0 0 2 2] WJi««tlE«Ji5«f>»w*Slt4 05c* 

0)<&mm** 0. lflH^gJLt, 1 Og^/oglTtt^ 

[0 0 2 3] inii, S[SK^fa®JS5ipJ-fett5 05E 
l^%*«T-fo5#^-frtt, mttS^FT- 
*4 P tttfsuc oi|a^-(7>^ B a B ^6ti^iailz:tt^+^ic: 
[6]±$t5r t/iS-Ct^^o ^rLT, ^rO^m, ill 
^IE^g5ic*3tt5«^/l'X$r^>$-ti-, S/NJt^ 

[0024] ±mvtz^m\t. mmm^m 
t%z> 0 wxtBmm» 1 -ctt. a^^Mis^s 5 w# p t 

[0 0 2 5] S/L, ±j*LfcT**4l4, Ei2iC^-f-J; 
1S^$ixS^i:ic:J:<9, P t ISVC oMfrbft Z&M 

wm.umms\^bft.z>m®s<<x*n'pm£. s/n 

Jl4^B5£3llSt>'05c3!fSr't'*-r?>r t^±t), -ew^S 
B B B S<Dm3itt^K*bH, SttT*Ji4±^^$tu5 
«S^IE»S 5 (D&MiftL'DWZ.VZZftlbZfrbXh 

[0 0 2 6] ±^LfcT«fiS4<P(-i3tt5B 
7t;*St>*07f;*<7?-^*^tt, B7c5H(rHUTtt, 11^ 
%£A±. 3 om+yoUTb-tZZ i^»*UV\ 

[0 0 2 7] iixtt, T«fie4"pJ-*3tt5B5c;*ro^* 
^755, lJ®^%*«Tfe54&^^tt, TiteJl 4 <7?^ H B B ife 

±^«**nsajiaftiEfayi 5 w^ B 3 B ^wffiiz:tt755+ 
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wis*, mmm^mm 5 <r>n&m.^^ x^ts- 1 * 

[0 0 2 8] £fc, TiSS4 ^lr^$-tirS05E^(73fil 
-£(4, 0. lJI^- 0 /o«Jb, 3 0JIT-%£rFiT5r i;6*> 

lc:^b;ft,5SI£y^X£?!§S'>£-£, S/NJt£r&]-b£-tir 

m^iat. TMmnte&mvj x^t*&- tan , 

OWaHKIBflUI 5 ofiAttt'f i « 9 

[0 0 2 9] L"C, ixBLfcBTC^St^O^^W 
4 £ Srfif ffl-f 4 rirlii!), MttftlBM 5 (c:^ 

[0 0 3 0] Sfc, -hiBLfcTiftJf 414, Pd, Pt. 
Au, Ag, Rh, I r (DW-bttM 5t<E>&f»<£>fa;h,/5> 
t , S i 0 2 , A 1 2 0 3 , MgQ, T i O z , L i 2 0, 
CaO, ZnO, ZrO, Y 2 0 3 , H f Of ©Mtl© 

mtitiK t fe* 5«^tm*i~-c«j*$ft 

t>> ^ t mRxf Co m*^£^mmisMdM.m 5 ^mir 

3 Vz * fe 5 ®& y -f X £ :*: * < W> £ 

5;W-ct5, £fc, ±i6Lfc»fr*mri, Pd, P 

t, Au, Ag> Rh, I r <7?ffi^S;**-it<O^Jg<OfSJ 
ft^t, S i 3 N 4 , A 1 N> BN, T i N, ZrN, G 

a Nm<Dmitw<Dwnt\ t<o&&&nx*i>&<. p 

d, Pt, Au, Ag, Rh, Ir <Dffi.bttffii£<0& 
Jg^Rh^t, S i C, TiC, Z r C, T a Cf©g 

<ik®<D&tii>\ t(D^unx'i>^\ ftft<DW&i), 

Pd, Pt, Au, Ag, Rh, I r <Dffi-b±LjjM jgW 
^JS^Mft/^i:, S i 0 2 , A 1 2 0 3 , MgO, Ti 
O z , Li 2 0, CaO, ZnO, ZrO, Y 2 0 3 , Hf 

o*$<Dmtyo<n{*ii%i>\ to>&&tfn<om&tmm<n%) 
[0031] £ bfc, r ©atftia«Btflcfc*v^-ctt» ± 

JctjH-J; 5('TifeS4«9iET{;, ■r#*?*>«S^lie& 
SS iK*tM-&attS£iEL.-C'b&v> 0 fflflf, Mia 

Lfcfc^lw, tfcBSttifi:, «Jf«*IB»Jl5J:0>ra»r, 



[0032] ret*, 1S'&tm*»5)'5c5T*Ji4 0Ji: 

$14, 1 n m 4 9 i: # (4, / ^ XffiMB»*li» <bix 
-f, 3 0nraJ:9J?V^£-f4, «®^IE&S5t, «c 

^-&{CI4, «^«-^b*?»T*» 4 Inm 

[0 0 3 3] g|3 OT0ijT-t4, ©rtBttS t UT, CTxl4*, 

2 0 nm<75 (A u + S i 0 2 ) Jf£r/5l\ tgJiffi£^,fE4l: 
i5iLt, J¥£#, #J;Lt4\ 0. 6nmOPdIi> 
Wxli, 0. 6nra©CoSW, -tn-^ft 2 
0 tfc-f o£2 KfcJS $ ftfc t <r> & m v v ^ 5 . 

[0 0 3 4] 03»r*5V>TI4, Uc^#Jgi:LT, 

N i F eMffll>tl^«\ <jftBteJf (-^5^(4, 
rtli-PS^^iX^r i^<, CoZr, FeN, NiF 

[0 0 3 5] 

[0 0 3 6] <^*W 1 >^JS0iJ 1 X(4, SS^-StlB® 
MX'h 5 Sm^JRK: B 7c*& O Sr^ W $ 

[0 0 3 7] KEMtlt ES2. 5^yfC^7 

14, AI«H t fflt*»6**aiiSWkilteJ:9«ljftbfc. # 
1©^, «J*tt, (CoBO:0. 4nm/PdB 
O:0. 6nm) X20/Pd : 20nmiU 041: 
^i-WrffiWat** b * -5««ia»«E<t: 1 SrfNH bfc 0 

[0 0 3 8] /5Sc8yft#l4, ^/<y^ y V^MPJ^K^ 
S: 8X1 O-SP a , ftAt* : 1 2 OWi Lfc, 
v9 y fv N»4, TflfeS4ffl(^(4, Pd^-y 

SJS^IE#S5ffltwl4, i4ti/ftJ;?t:Co 

X^4{Sieg$itfc^-^'i/ h^^v^fCo Ttf2S40OjEig 
KI4, A r ^H^ + l-fc^T 2 P a <DX/<y 9 

a^a^fS^M 5 WfifeBttt, (Ar+Oj) 9S 
M + l-fcV^T 2 P a (O^^tf^JE-efTofc Art 
O^STfiSKftitOz/A r 14, 0. 2%irLfc 0 

[0 0 3 9] * fc, Lfc««CE»«E* 1 Wgf®^ 
fBSSS 5 «PJC*5J4 5 B^SO'OTc^W-a^i ^Sr-ft*^ 
#f x i^/W^r— ^-t^t^X^ (Energy-dispersive x-ra 
y:KAT, EDXt«„ ) R^ZjKcf ^V«fi^«fff 

(Secondary ion mass spectrometer : KT> SIMS 
k.n&. ) l^i^IS^/cirr?), Btc*W^^I4, 3 
ffyoffo!), 05c^ro^W^f4, 0. 3J®T-%T-foo 
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[004 0] ±gSlC*3V ^XYFm LfcW*CE*i*flc 1 
# 1 Kfc*H-Sfc#iitf # 15m/secl: 



OMHzWfl^-t, 0HzA^80MHzlW/-fX 
Sr«# Vit / -f X3MC fc <oit t Jfcfcfc. 
[0 0 4 1] 

[Si] 





• m m& 


He 


S/N 




(CoBO-0.4nm/PdBO-0.6nm)X20 
/Pd-20nm 


2.0k0e 


28dB 




( Co BO-0. 4 nm/ Pd BO-0. 6 nm ) X2 0 
/PdBO-20nm 


2.3kOe 


30dB 




(CoBO-0. 4nm/ PdBO-0. 6nm)X20 
/(Pd+SiO 2 )-20nm 


2.0kOe 


30dB 


HJ60Q36 


( Co BO-0. 4 nm/ Pd BO-0. 6 nm ) X2 0 

/( Pd+S i0 2 )-1 0nm/Ni 8 o Fe 15 Ta 5 -20nm 




32dB 


jtmii 


( Co-0. 4 nm/ Pd-0. 6 nm ) X2 0 
/Pd-20nm 


3.4kOe 


12dB 



[0 0 4 2] Hife^iJ 1 X'itm bfcflMMBftHEtt 1 14, H 

^H, S/Ni42 8 d B t&#fcfiI£jj*L-CV>5 0 
[0 0 4 3] <ISifcfl|2>TifcJB«:P t ^LfcrtEi* 

(4, *J6W 1 i RflKc LT«ftSBft8fcfr&fE» Ufc„ 
[00 44] ±IS^SoV^T^bfc^fS^ft:<DSiS 

[0 0 4 5] <*J6«3>T*&JiS:AuJ:Lfcrfc£Jlfl- 

[0046] ±flaii33v^-cf^jBL)t«fliia»aflso£ia: 

[0 0 4 7] <3Wt«4>T«««rAgiLfcri:«^ 
14, XHM 1 t RIWK: UT«*IBft«E(*:*^M L-fc. 

[0 0 4 8] ±E^*jv^-cf^jaLfc»«iiEei«*rofiB: 

Jjfaco&mXH c , .St/fT^y -f X<73it S/N fc-ss-* 

[0 0 4 9] < Hffi#l 5 > Ti&M SrRhi Lfcwi KAfl- 
(4, ftNfflfl t mm\Z UTK«IE««*S:f^«bfc. 

[0050] ±ie»w*iv^T^aiufcaftE»a*©aii: 



[oo5i] <nmm6>Ti&mz I r t Lt:tw 

(4, 1 £ P^fw UTtt«KI&«ttflc«:fW 

[0 0 5 2] ±Efz*SV^T^«Lfc««;i5ft«t«:©Sia 

[0 0 5 3] < 7 7 Til,' «JB«*CfiB« 

®T*fo5aE^Mt, Tifclf <!:<7?;K:£icB7G3!f&^J ? 0 
[0054] amiutiKfm, isfefci 1 1 bwh= ut^ 

Sibfco #llro|a^» fl*/ft»4» (Co BO: 0. 4 nm 
/PdBO: 0. 6 n m) X20/PdBO : 20nm 

[0 0 5 5] y ^?*—>fy H4, TifcJf 4/8 

KI4, 0 6(3^i-,t9irP d^-yy hJbKl cm^<73 

5ffl(C(4, EI6 J^-f-J; o*— ^y h±&tfP d 

N-B- 1 c m£ <E> B ^ y ^fc 4 [112fi 

[0056] ^fc, f^ffl Lfc««iEflk«t# i (Dmmmm. 

W, EDXMS I MSK<fc r. 5, Btc^W 

3«W*D. Otc^«7?#*^I4, 0. 2 

[0 0 5 7] ±Elwfc^T<fcMLfc«ftre«afcttl<BS 
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-<fc&*&^ i KflHt-c*-*-. w^-e, s/N«*. mm. 

091 4:l^«»cL-C*ft7t. 

[0 0 5 8] SH&09 7 Lfc«ft|E«ttfcl±, 
09 1 T-fE§S Ufc«*iE«tt#J: 9 * h\z.W&;-< X# 

S/NI4 3 0 d B i:A#***r*LTHfi. 
rro»«IB»Ji-CH:, PdT*Jl»-tB7E*Xt/05E* 

ftbtbfcrt-C, tClKMLtCo/P.daiBft 

S / N 1 5 A ± V It t 05 t % i b n 5 o 
[0 0 5 9] <H1£098 >T*S$rP t BOi Lfcl i: 

[0 0 6 0] ±Bfc*V*Tfl*Lfc«*IWkafr«>»i: 

[0 0 6 1 ] <3H2fe099 >Tti&Au BO t Lfcr t 

[0062] ±Bfc#v*Tft*Lfc**ia«iE*«>an[ 

[0 0 6 3] <HJ£09l 0>T«6IS:Ag BOi L7tr 

[0 0 6 4] ±B»=asV^TfWUfc«*IE«Btff»ail 
*Tfi]<7J^K*H c , &TJ^^#/^X<Z>JfcS/N&fS'< 

[0 0 6 5] <Hl£09l 1 >TJfi^SrRhBOi Lfcr 
fcfiWMi, 3Ht0>]7 tTO«^L-C«ftlBftj««t*^»b 

[0 0 6 6] ±IEJwfcl^Tf^»[bfe»«E»iiC«t«>S* 

fcir5, s«t«7i:IBW)t©a**J»bftfc. 
[0 0 6 7] <*i£0ij 1 2 >Tifcif£ I r BOi L-fc^ 

ft. 

[0068] ±fa»c*3i^-cffMLfc«i*ia»a«c«>siB[ 

[0 0 6 9] <IU£09 1 3 >HJ609 1 3 T'«, «fS®^ 

[0 0 7 0] ttftlSftttim, «Jf B^^lEii® c Fl;::^o^j• 
SO7£i!t<7}"£:fr*£0. 2®^%{w@3£L, B5l*<73^ 
^P££r0 0. 5^%, 0. 7ST-%, 111T- 

%, 1. 81%*%. 3ffi*%. 4. 3ffi*%. 5W.=f-% 



091 tm&lZ (C o BO : 0. 4 nm/P d BO : 0. 
6nm) X20/Pd : 20nmtU @4l:/Ttlfi 
«JiA»t>*S««IE»a#l &f£«Lfc. 
[0 0 7 1] «0«ftK«*5tHr*JttaB5c*a>£* 
y y^-^y h±l-l£gi--5B^->X 

Sit (O/Ar) CJ; 9ffilWLfc. 

[oo72] smtaAfttt i waesmsE&g 5 * \z%> 

— 53"t!rt4X$l (Energy-dispersive x~ray : EDX) Ik 
XI—'-HK^ ^"^^fi^ftfT (Secondary ion mass spectro 
meter': S IMS) §rfflV^T*£-§'tfJl-8P#f L,fc„ 

[0 0 7 3] ±SBK*5V ^flsfit bfc 8 a^rottftlBftft 
^SB^lpirofB^y-YXrottS/N^^fc^*?: 
El7ic:^i- 0 s/Ntt. »t« 1 1 H«K 

[0074] [2] 7 J; 9 , B 7tm<V&^tf 1 %L=f-%<Ott 
— f<0fli^51 i^^JSo r<OS/N*s±#-t-5B5c 

i-5B5£*«?Bt#^#*f±. O7E*ro^**!* s 0. IDS 
^%EJ(±T-fontf, 05r;|g(D^*^}Cfeff-fr-f{i(?-^ 

[0075] «±ro^*^^b, a*»«;iB«Ji©iiift«t 

^5rm^$-fr?.fc*t3^^B7n^co^'*^l±, 1 iSf 
7 tr*i(t-5 P d B O/4^7SST±teJlC0?£ H ^ J ?-/!i s mAE'ft: 

[0076] <mmm 1 4 >nss0ij 1 4 -m, awbca 

iE^tptwiottSOjcKI^*^, S/Nir#x^l^ 

[0 0 7 7] MlftiamKflctt. B5E*0^**S: 3DS^ 
%t-@^U, B7C^^^Sr0^%, 0. 0 5i^T- 
%, 0. 0 8/1^-%, 0. lJ^T-%> 0. 2^%, 
0. 3l¥%, 0. 3 7f 0. 4 8l&*%b£4k 

**5:i:K*l4, HJS01J 1 i: LT 8 «^c7?e^ 

^ (CoBO: 0. 4nm/PdBO: 0. 6n 
m) X20/Pd : 20nmiU 0 4 (C^-f-^fffi^5g 
t> * 5 HtftlBMKtt l Sr f^K L fc. 
[0 0 7 8] »JBBI*ISftJl5tf'fc*5»t5B7C*«>^ 

<7?^T-SiJffl)L, OjciitWSiW*, A r t 0 2 <7?Kfifllt 
fiJt (O/Ar) t-<t 9 frJffl) L./c 0 
[0 0 7 9] ^IS^^fr 1 waS^fS®^ 5 «Pf-*5 
Jt5B5£lSS.O ? 05£^<7?^ ; t^l4. H16091 3tP)«l 
(r, EDXMSIMSSrfflV'tMWtM 
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[0 0 8 0] ±IE^*3V>-Cf^SSL)t8fl^W«fCfafifeaE 

[ 0 0 8 1 1 12 9 £ 9 . OtcSKT?-^ 0 . 1 

/t^mSrH 1 0iw^i- o ilOA'WSJ:^^ S/N 
#ft±1-5B^(7?eSlf-a*^l4, Btc^W^^SI 
^%«±T-fcntf> B^SfW^^lcfife^-fr-ffStSf- 

[0082] si±<n&%fi>b s mmm^tzmm 
*zm±£^ztzMz ! &m?£07im<D$%m\-is o. 1 

tLit-T 5 i iwi- -e o fc„ 

[oo83] <^*^j 1 5 >ns£#j i s mmmux 
$ bizTWJWtLXP a t s i o 2 kzm&fi$mv 
[oo84] a^iE^frro#Ji<73ia^;, (c 

oBO:0. 4nm/PdBO:0. 6nm) X20/ 
Pd + S i02 : 20nmtU il 1 \Z*k-fWrffim'& 

[0 0 8 5] ^LT, *£-TitMI$:, S i 0 2 <D*-y 

i kfsnmz.\sximi>iz. ^Tmm^mmt^mttx 

P d : 5 0%, S i O z : 5 0%T-&5 0 
[0 0 8 6] Sfc, f^M LfcatftCftttflc 1 w«jHam 

EVXRXfS I MS(Ct Ui'ifctC^ B7E3&W 
^5p{4, 3^%-C*fc9, 05E*£>£**Hu 0. 2 

[0 0 8 7] ±IEIc*iV^Tf^KL.yt»*IB»ji#: 1 ©i 
iE*-[63W«:^Hc . S.?>*m-§-*|-/-rX(7?tfcS/ / N?rp 

1 Kent-c^-r. s/ni±, nit 
[0088] jitsfim 1 5 x-ftm vtz.mn.?z&imte 1 

l£m^<D3 l d B tv^SW^fltSr^UTVSo ^ix 
14. TitfiJf4 £ UP d + S i Oife&T i&mZM^^tz 

zk\~i.<9. c o bo/p d Bomj§m%nmm5\zis 

ft, LTI^y^fX^^i^t. S/N 

[0 0 8 9] <HJ£0iJl 6 >Tit&Ji£P t + Si O z t 



[0 0 9 0] ±IEfc:lSV*Tfl^bfc^fB«tt{*©Sit 

fc£C5, 5fcH*©ja*#»fcft;fc.. 
[0 0 9 1 ] <HJSfiSJl 7 >TfI$:Au + A 1 2 0 3 £ 

ufc r £ n»w 1 5 £ lt«*«b»«e# 

[0 0 9 2] J:IE^SSV^T^«Lfcfllfi«H»a*«>fiiB: 
*|6]OftiSHc, fiU#^M>''fXoJtS/NSr!B'< 
fctr^ mtMi 5 i feftfc. 

[0 0 9 3] <MMmi 8 >T«S15:Ag+MgOi L 

[0094] ±lE^c*5v^T^tll u*:aftfa»«#bfiB: 
ittzz. mmmi 5 fcftfc. 

[0 0 9 5] <HJS0l.ll 9 >TH6Jf&Rh + T i O z £ 
UfcCfc&fl-tt. HJfefiSMji 5 £ mfltK: LTttftfl&MKft 

[0 0 9 6] ±E^feV^Tf^KUfc««l8S»«Eflc©SiI 
*(Sil«5<S«^jH c , Xt/m-§-S5ty-f XtOJfcS/NSrP-i 

fcirl?). IStt^Ji 5 £ra*ro&*a^*&ftfc. 
[0 0 9 7] <MMffl2 0 >Titi2S£r I r + L i 0 2 £ 
Lfc:tWl±. Hitfin.ll 5ilSI«^LT««tE»«E<*: 

[0 0 9 8] ±EI-*iV^-C^«Lfc»«tlS»flE*«>Sie 

fct:5, HJStfiJi 5 £ia<*<z>8&*;iq*P>ftfc 0 
[0 0 9 9] <Hi£fi?IJ2 1 >TifeJf£P d + C a O t b 

tzztsmte, mmm 1 5 1 mate: lt«*«e««e#«: 
[0100] ±iE^*5v^-c^ftiL.ytas«tis»ttEfrosie 
fct^5, siKfliistRiifcaft^bnfc. 

[0101] <H8afi 5i J 2 2 >T*ti2^?r P d + ZnOiL 
fcrtWH, HJSfiSJ l 5 tR]«l^ UTKftlEftStfrS: 

[0102] ±E^fcv^r^«bfcaftiEfli:jKfrrofiiB: 
fcti^, HSSfisji 5 £ia#o3bfta'Wg>*ifc. 

[0 10 3] < HJS£5II 2 2 > Ti&M 5rPd + ZrOi:L 
fc r t EA*ttu HffifiSJ 1 5 i: UT««Efta#S: 

[0 10 4] ±8E»wj3V^-Cf«aLfc«*SE»afltroSa: 

HtfififiJl 5 tPlfff)M« s #bnfc. 
[0 10 5] <HJ£0iJ2 3 >TifeS^rP d +Y 2 0 3 <!: b 

fc^ir^tt, HH60IJ1 5 kmm\zL.x&i$.m&mw$: 

[0 10 6] ±ElCJ3V^Tf^»Lfc««gE«flEffwSE 
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it t r -5. HJSeiJ 1 5 k fl<*a>9MWi»c,itfc. 

[0 10 7] <HJS01J2 4 >TifcJi£P d +H f Oi: L 

fcrt eua-i*. ussey i 5 1 mm\z i,xmn&mm#& 

[0108] ±IE»=i3V^-CfP«Ufc««IE»fflEfr<0Sii: 

[0 10 9] <HJBnj2 5 >TifcJfSrP d +H f Ot L 
fcri fiA*M4, UlSfiaj 1 5 k mm\z LT«*UB»Jfc*«r 

[0 110] ±IEI^*iV^-CfRKUfc«i«,IB»afr»fil: 
[0111] <*^0!)2 6 >T*S$rP d + S i 3 N 4 <>; 
[0 112] JtlEfc*V*Ti1*Lfc«*IB»tt*S>M 
[0113] < 2 7 > TifiS ^Pt+AlNiL 

[0 114] ifElrioV^-C^SSLJtiKMIE^^WfiH 

tti?., Hffi0>ji 5 tm^^*/i5#bHfc 0 

[0 115] <HJ£0ij2 8>TW5rAu + BNi Lit 

z. k 6t^i±, njfetfij i s t ihhrk Lxm%,%zmm&*ft 

[0 116] ±f2fc*5^-C^®!L-fc^fB^#:<?3Sii: 

tck^z. nmm 1 5 1 m^w^m^^^tLfco 

[0 117] <HS£0!I2 9 >Tit!j^SrAg +T iNtL 
[0 118] ±IE»r33V^Tf^«Lfc.»ftE*a#:©M 
[0119] <mM@\3 0 >Ti&g£R h + Z r Nt L 

[0 12 0] ±IE»c:*sv^Tf^«Lfc»«E«SIEfrrofiii: 
^ftWifcgStfjH c , &tffI^#/-l'X<7>ttS/N&fB'< 
f:t;5, XttiMl 5 t^O^m^bti-fco 

[0121] <mmm3 l >Tifc/i£ I r +G a Nt L 

tzzkumi. mnm i 5 1 mm\z vxm%tzmm#z 
[0122] ±iB»c*sv^-cf^»b^«*iaeaf<f<oatt 



[0 12 3] <mm@l3 2 >Tia«SrP d + S iCtL 

t:twt nifeCT i 5 «t mmiz vxmis.tzmm&* 

[0124] ±IBfcj3V^r^BUfc««llB»a#©fiB[ 

XlKMi 5 km^to3b&#&<bix1t e 
[0125] <HJ£0iJ3 3 >Ti1l2SSrP t+TiCtU 
itZ tfiWKtt, JUJSCT 1 5 £ LTSMKIEftiltfrS: 
ft* Ufc. 

[0126] ±!E»=J3V^Tf^«Ufc«*IBftjfflE«t©fiii: 
^iSj^m^JH c , ST/m-S-W/^X^itS/NSr^ 

msCTi 5 kmmnamtmbtuz. 

[0 12 7] <mMM3 4>Tmm*Au+Z rCkV 

izzkuftte. mmm i 5 1 Lr««iE»8tffS: 

[0128] ±IBfc*3V^Tf^«Lfc»4MS«SIIE#rofiii: 
*lflJ©fiHB#JHc. Mf^y-fXcttS/N^ 
XlftMl 5 kW\^<D^mmbtitL 0 

[0129] <SJIM35>TiII;Ag+TaCiL 

[0 13 0] ±iafci3v^-cf^KLfc«*ia»fflE(#:roSii: 
[0131] £Lh, HJSfitJi 5ro|tmJ; 

9. TtffiJf^. Pd. Pt, Au. Ag, Rh, I r <D 
W'b5Ljjfc%k<D&% l <D{iiJi%fak. S i 0 2 . A 1 2 0 3 , 
MgO. T i 0 2 . L i 2 0, C a O, ZnO, ZrO, 

y 2 o 3 > h f o&<Dmm<oFitii>^ t<o&&mw>>z> 

Pt, Au> Pd.Ag.Rh> I rCQ 

m<bSLj3m'&<r>&m<Dffiftfrk. s i 3 n 4 , ain, b 

N, TiN, ZrN, G a N^W^fc^O{ej;JX7K kO 

«L<I1 Pt. Au. Pd. Ag. Rh. 
I r <Dffifo±Lj5MTg.<D&m<D{«!tlfrk, S i C. T i 
C. Z r C. T a Cm<D&HkVd<D<BJ?Lt>\ kn^ViPr 

iz x >o mfe-rz, z, k \z * <o mmmaxtzmmiz&bftzm 

#/ 4 S/Nit«ri*]±**S»*«r#fe 

[0132] <mMW 3 6 >HJI0 i il 3 6 "CIS. 
Ti-N i F e T a ^t,45«S:«ttiSrii. ^-<0±tcT 

[0133] atftlBAjttflcO#JI«>lijft, KljftH:, (C 
oBO: 0. 4nm/PdBO:0. 6 n m) X20/ 

( P d + S i 0 2 ) : 2 0 n m/N i goF e 15 T a s : 2 
Onmtb. Ell 2 (C^f Wfffi«3g^b*5«ftffi»a 

[0 13 4] ^frUT. *>:attS€r. N i h k F 

e^-y-> hctTa Y k*ft^X*'<V tfeX 
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ft 0 

[0135] im Lfc«ftiB»Mc* i (ommmm. 

tt\ EDXMS I MSCi (JSa^fcirr^, Btc3??<73 
^^T^tt, 3 9, O5£^C0^^li, 0. 2 

[0 13 6] ±IS»c:iSV^-Cf^»Lfc:»*IEft«C#l©« 

[0137] juacaj 3 6 (ommmsm 1 a, *jt*>^ 

t UT»;BttlTJ)5N i 80 F e 15 Ta s 15:fflP?i: 

tx\ mmmmz&m\ztsv 

9 fllJfcfcfco S/NttjWfc«l, JUS0ij7& 

VUlftWl 5 ±9 t>*5>fciftl±L, 3.2dB£fi$rftffl 

[0138] <mmm3 7 >&m\±m*c o z r t Lit 
z t uft-K. nmm 3 6 1 mmi^ ^xmssjemmtotft 
mvit. 

[0139] ±ia»c:S3v^rf^llLfc««SE«i«flE«)(t* 

tt/^X^JfcS/NSrSS^Tiir^. 3**09 3 6 £ 1^* 
[0 14 0] < ^JSM 3 8 >#;e£t£/f£F e Ni L1tZ 

t skHtt* mmm 3 6 1 mm\z Lxm%ie»mfc*<rm 

[0141] iiEtrjs^T^Sibfc^fB^^roft^- 
^/^XcDJfcS/N&f^fci: r*>, H*0!I 3 6 t 

<o%)&tmbfrit 0 

[0142] mmm 3 6 ibmnmm 3 8 
Mft-hm t Lx&mfem * 5 r t ± 9 , «ji asm 

[0 14 3] <ifctt«>ittt«T?H:, SMBHtieAJI-? 

[0144] Si*09 1 t LTf 

aSbfc. £f8<DMj&. m&ft. (Co : 0. 4nm/P 
d : 0. 6nm) X 2 0/P d : 2 0 n m £ U 113 

iZTH-rmmmm* % 4 s »ftia««# 1 Lfc. 

[0 14 5] y ^>f5—>fy M4, TiteS4ffi 

Kfcfc, Pd?-^K 8MH8*llE»Ji5fflfctt:. Co 
YlkV-V df>— tfy h£fflV^T> 2Pa«Ar 

[0146] ±IE»c:i3V^-c^aaUfc?K^fESk^«i: 1 <7?S 

^SSJUS:* 1 K0HtT^-r. S/Nli. |g* 

091 £RI«fcL-C#ftfc. 
[0147] ittfcfiBJ 1 T-f^ffil LfcflMSEflkflEtt 1 te. H 



S^y-f XdS^lt <, *oJ**s/Nttl 2 d B t 

[oi4 8] Jtt*0!l£2£tt0gi fc<osmiE»i£ 

(Transmission electron microscope : TEM) lw 
±0AWU ItftHfcSSJfcm irfrtMSLfc. H*0Ul 
OTEMT"<DM*^^:Srlll 4tC, Jfctfc0t]<9T EMW 

[0 14 9] JgJS^iJ 1 <Z>*£ftffiJ*ro*3ft*?l§fc*» 

{c-rsfcfejc, W^HTEMirEDXfciiJjlWSrtf 
ofc 0 EDX©^*HB*li5nmfiSt' > i!5#j$?igTE 

btiZAK SNOW* B -e tt& Att p*3 1 3£ # Pi 

mi 6 isa*fiti!L©EDxw^*fife*srai 7^ 

"To i«»»teTEM-e«5«!j!3e*SrEll 8fc^ 

f. 

[0 15 0] K#flMBTEMfcfl»fett, S B a B ©T-<D/H9 

± tfteik icm az: l x v > 5 <7> asfij o fc 0 

[0 15 1] Sfc, EDX^^ F^gf B &rti:MB B B 
X\,^Z>b^Z-bftZ>o 

[0152] rH^itit), BtE^ 

[0153] 

L<l4Pd^<tCoS<t *sS5Slrat* $ JlfcAIft^K 
*»fe*9, SbfcBXVO«r^b-C*5Sie»*IE« 

[0 15 4] Lfc^oT, *^0^{CJ;^«, aCOlftlC 
»Jilw*s»t5a»/'rX*s*«»r«'>Six. s/Nir® 

[mu *^wsrigffl Litm%ts,mmw<o-m<ommm 
[112] *«w*arfflufc»ftia»«E*«>-«**«it 
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10 3] *&&*mm\,izmf!&mi&#<o-m*mmm 
i@4] mmm i . mmm i 3 at/iush i 4 x-im u 

[05] HifetfJ 7 -cf£« Ufc»ftlE»«*oJl«i6** 
[0 6] fc^ffi bfc«ftlE»aflESrf^«li-5BR«w 

[09] 07t.m<D^mmt s/N£wH«£^H-#t£0 

[010] BTci^CO-g-^t S/N#±#1--5O7C3S!<0 
^^OBS#ffit<O§g#Sr^i-#tt0Tfe5. 
[011] HJfefiaj 1 5 ffls«Lfc«ftreftttEfcW««5£ 



[012] SUM 3 6-ei^«Ufc.*«IE»«E*©»«jg 
SrSrf M§C»T® 0 T- -5 .' 

[013] it«0g-efp«bfcw*iE«aff«)Ji*jgt^ 

[014] 3HJ£0iJ 1 COT EMX-<Om&f£M*?r:-tmWM 
[015] tfciiiMWT EMfWftilSf ?rSt»i? 
[016] iftft*fcrt«EDX©£W!g*fc**"W4B|-r 

[017] ^f B S^coEDxro^^SSr^-r#t£0T 
[018] JUJ&OT 1 ©K^»I6T EM-ero«*ie«S:S% 
[»»©1MJ] 

l ttftlEftgEft. 2 3 «*S, 4 

Ji, 5 MiaiftilHMr 6 7 $fo&ttJi 



[011 



[02] 



7 



— PtB0:Q.6nro 
— CoBO:0. Bnm 
— PtBO:0. 6rwn 



— CoBO: 0. 6nm 
— PtBO:0. 6nm 
— CoBO:0. Bnni 
— PtBO:0. Bnrn 
— CoBOrO. Bnm 




—4Tifc*(Pd:20nm) 



— 3&*«<Ti:1nm) 



• — PtBO: 0.6nm ^ 
— CoBO: 0.6nm 



— PtBO: 0, Bnm 




— CoBOrO. Bnm 
— PtBO:0.6nm 
—CoBO: 0. Bnm 
— PtBO:0. 6nm 
— CoBO: 0. Bnm 



4T*W(PdBO:20nin) 
3«M(TI:1nm) 
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[03] 



[14] 




— PtBO:0.6nm 
— CgBO:0. 6nm 
— PtBO: 0.6nm 



— CoBO:0.6nm 
— PtBO:0.6nm 
— CoBO:0.6nm 
— PtBO:0.6nm 
— CoBO: 0. 6nm 




—-4 T*» (Au+Si0 2 : 20nm) 



< — 7|K8tiJl<NIFe) 



i 

/ 



— PdBO:0.6nm 
— CoBO: 0.4 run 
— PdBO:0. 6nm 




— PdBO:0. 6nm 
^-CoBO:0.4nm 
— PdBO:0.6rvn 
— CoBO : 0. 4 nm 



5 

<CoBOlX20 
,PdBO»X20) 



4T**«(Pd:20nro) 



[06] 



15] 




— PdBO:0.6mn 1 
— CoBO: 0. 4nm 

— PdBO:0. 6nrn 



PdBO:0. 6nm 
CoBO:0.4nm 
PdBO;0. 6nm 
CoBO:0.4nm 



5 

(CoBO 18X20 
,PdBO«X20) 



— 4THMi(PdBO:20nm) 




[07] 




1.0 2.0 3.0 4.0 5.0 6.0 
B7fc*SW$S(at.*) 



(12) 



*BB 2 0 0 2-2 5 0 3 2 



[08] 



[09] 



2.0- 



tO CO 



0.1 



1.0 



to 



10.0 




0.1 0-2 0.3 0.4 0.5 0.B 



1 1] 



0.2- 



*f 0.1 if 

5k 



V> Q 



1.0 



[Ell 0] 



10 

B«M«(mt.K) 



[014] 



100 



— PdBO:0. 6nm 
— CoBO: 0. 4nm 
~PdBO:0.6nm 




PdBO:0.6r 
J — CoBO:0.4r 
3— PdBO:0.6r 
CoBO:0.4p 



SttllKSIZM 

(CoBO»X20 
,PdBO*X20) 



—4 TIM ( Pd+S I0 2 : 20nm) 
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[Hi 2] 



[Hi 3] 




— PdBO:0. 6rtm 
— CoBO:0.4nm 
— PdBO:0.6nm 



—Pd BO: 0.6 wn 
— Co8O:0. 4nm 
— PdBO:0.6nm 
— CoBO: 0- 4nm 




(CoBOlX20 




J 



— Pd : 0. 6nm 
—-Co: 0. Arm 
— Pd: 0, 6nm 



-4T*»(W+$ iO 2 :20nm) 
~7 ttift&l <NI„Fe, 5 Ta 5 ) 



1 61 




3 4 



— -Pd :0.$nm 
— Co: 0.4nm 
— Pd: 0. $nm 
—Co : 0. 4 nm 




5 8UWttRiMi 

(Co»X20 
,PdJiX20) 



—4 TJM ( Pd ; 20nm) 



2 









[Hi 7] 


eatitJt 


Pd 


Co 


k 



1 8] 



